Congenital hydrocephalus is a common cause of stillbirth and infant death [in Birmingham (Record and McKeown, 1950) , Rhode Island (MacMahon, Pugh and Ingalls, 1953) , and in Scotland (Edwards, 1958) ], the incidence lying between one and two per thousand births, in each area the incidence being lower than that of either anencephalus or spina bifida.
When the heterogeneous assembly of cases so designated is analysed intact it seems clear that genetic syndromes related to recessive or sex-linked recessive inheritance are rare as the incidence in siblings of propositi is very low. Penrose (1946) found no case in 84 sibs born after the propositus; Record and McKeown (1950) only one case in 61 sibs born after the propositus; and MacMahon et al. (1953) no case in 55 sibs born after propositus; the overall incidence in these three series is one case in 200 siblings. Further analysis of the Birmingham data (Record, 1959) showed no affected male sibling of 50 male propositi.
When grouped together the cases resulting in stillbirth show a marked increase in risk with primogeniture and with maternal age, and also some increase with reduced social class of the father (Edwards, 1958) , showing that a substantial proportion of cases are related to various environmental agencies.
In 1949 Bickers and Adams described a family in which all of the three sons and four of the six brothers of a healthy woman died at birth with hydrocephalus, none of the three sisters or two daughters being affected (Fig. 1 ). An autopsy on one case showed evidence of aqueductal stenosis. Bickers and Adams commented that, although the numbers were too small to attach much weight to their observations, the pattern of inheritance was entirely consistent with a sex-linked recessive mechanism.
The purpose of this paper is to present a further case of hereditary hydrocephalus pathologically similar to that described by Bickers and Adams, and showing, on far larger numbers, a pattern of inheritance entirely consistent with a sex-linked recessive mechanism. That is to say the syndrome appears to be the result of an abnormal gene carried on an X chromosome, the morbid influence of which is completely eclipsed in the presence of another X chromosome lacking this genetic aberration.
The Propositus A stillborn male child with hydrocephalus was delivered by one of us. Post-mortem examination (Dr. C. H. Wrigley) showed no abnormality outside the skull, and in view of the extraordinary family history, the brain was referred for detailed neuropathological investigation. We are most grateful to Dr. Wrigley for this.
Neuropathological Findings. The brain weighed 285 g. after fixation and dissection. The lateral ventricles were grossly dilated, the thalami widely separated and the floor of the third ventricle membranous. The corpus callosum and septum pellucidum could not be identified. Sections from the thinned-out part of the cortex showed that the total depth of the cerebral wall was approximately 3 mm., the reduction being at the expense of the white matter. The nerve cells were closely crowded together and the cortical lamination resembled that found in a 6-month foetus. The cerebellum was normally proportioned and the depth of its external granular layer appeared normal for a full-term infant. The group.bmj.com on December 23, 2017 -Published by http://adc.bmj.com/ Downloaded from in the third ventricle was not atrophic. The brain was congested and the grey and white matter contained numerous haemorrhages. Its substance was extremely friable and easily disrupted and it was found necessary to dissect it while immersed in fixative. A block was removed which included the caudal extremity of the third ventricle and the rostral part of the fourth ventricle. This was embedded in celloidin and serially sectioned. Sections at l00,t intervals were stained for nerve cells by the carbol azure method and mounted for examination. Estimations of the cross-section of the aqueduct at certain points were made by projecting magnified images (x 40) on to graph paper, counting the squares and calculating the actual area of the lumen in square millimetres. These measurements were compared with those of the aqueducts in two stillbom non-hydrocephalic infants.
The Cerebral Aqueduct. In the control sections the normal variation in the calibre of the aqueduct was confirmed. Near its opening into the third ventricle below the posterior commissure thepars anteriormeasured 0-50 mm.2 (Fig. 2c) . At the oral level of the trochlear nucleus a slight narrowing (superior constriction) occurred, the lumen measuring 0 44 mm.2 (Fig. 3b) . This constriction was shortly followed by the ampulla which measured at its maximum 1-44 mm.2 (Fig. 4b) . The inferior constriction, lying below the intercollicular sulcus, measured 0-62 mm.2 (Fig. Sb) . The aqueduct then widened once more as it approached the fourth ventricle. The transverse shape of the lumen at these various sites corresponded closely with those illustrated by Gerlach (1858) and reproduced in Dorothy Russell's monograph (1949) .
In the hydrocephalic brain the aqueduct was markedly reduced in calibre except at its caudal extremity (Fig. 6) . The lumen was patent throughout and contained red blood cells evidently derived from a terminal intraventricular bleeding. The most rostral part of the pars anterior was reduced to a narrow slit too small to measure accurately by the method employed (Fig. 2a) . Proceeding caudally a slight expansion (0 09 mm.2) occurred (Fig. 2b) and this increased to 0-14 mm.2 at a level corresponding to the superior constriction in the normal brain (Fig. 3b) . The largest transverse area of the ampulla measured 0 61 mm.2 (Fig. 4a) and at the site of the inferior constriction the area fell again to 0a 14 mm.2 (Fig. 5a) .
Irregularities of the ependymal layer were commonly seen and consisted of reduplication, focal heaping up of ependymal cells in the periaqueductal tissue or the presence of rosettes, the lumen of which did not communicate with the aqueduct. No forking, septum formation or periaqueductal gliosis was present. The tegmentum of the brain stem appeared unduly elongated dorso-ventrally, perhaps owing to obliquity of sectioning. The pes. pontis was unduly small, the transverse fibres poorly represented, and there was no trace of descending corticospinal tracts. calibre of the aqueduct below which hydrocephalus is to be expected is far from established. The measurements made by Woollam and Millen (1953) on 14 normal adult aqueducts show surprising variations, the superior constriction varying from 0-2 mm.2 to 1 8 mm.2, the ampulla from 0-8 mm.2 to 2-9 mm.2 and the inferior constriction from 0 4 mm.2 to 1-5 mm.2 It follows from these observations that stenosis of the aqueduct cannot plausibly be regarded as the cause of hydrocephalus and morbid family history appears to confirm fully the somewhat cautious claims of Bickers and Adams. The similarity in neuropathological findings and familial transmission are incontrovertible evidence of a variety of hydrocephalus resulting from aqueductal stenosis and transmitted as a sex-linked recessive. Structural congenital malformations due to single-gene effects are very rare in man and we are not aware of any well-established disorder in man in which an isolated and specific structural abnormality can be related to either recessive or sex-linked recessive transmission. A somewhat similar disorder, affecting a different part of the ventricular system and transmitted as an autosomal recessive, has been described in the mouse (for discussion and bibliography see Gruineberg, 1952) . Summary A case of congenital hydrocephalus presenting in a family in which many males had previously been affected showed, on autopsy, a primary stenosis of the aqueduct of Sylvius. The pattern of inheritance was entirely consistent with recessive sexlinkage. The case appears very similar to that described by Bickers and Adams both in its morbid anatomy and its mechanism of transmission.
